Pollination is essential for food production in the world, but in pollinator-dependent crops it relies on the attraction of pollinators to flowers. However, crop varieties vary in their attractiveness to flower visitors and volatile compounds emitted by flowers may play a significant role in attracting or repelling pollinators. Here, we investigated the volatile organic compounds (VOCs) present in both male and hermaphrodite flowers of five commercial types of melon Cucumis melo (Cantaloupe, Charentais, Galia, Piel de sapo and Yellow), and their role in attracting or repelling Apis mellifera foragers. We found significant variation in the identity and proportion of these chemical compounds produced by both melon types and flower genders and observed significant positive and negative correlations between the amount of D-Limonene and Benzaldehyde (bee attractants) and α-Pinene (bee repellent), respectively, to the number of bee visits to flowers particularly in the Cantaloupe type and hermaphrodite flowers, the most visited ones. Our results suggest that differences in the composition of melon floral VOCs and the proportion of the different compounds play significant role in the number of visits by A. mellifera with possible implications to pollination and fruit yield. It also implies to the perspective of breeding varieties more attractive to pollinators through the selection of flower lines richer in bee-attractant and/or poorer in bee-repellent volatiles.
Introduction
Pollination is an essential ecosystem service to crop production worldwide, contributing to the yield (quantity and/or quality) of most crops (Klein et al., 2007; Ricketts et al., 2008; IPBES, 2016) and food security for providing essential micronutrients to human health (Lautenbach et al., 2012; Chaplin-Kramer et al., 2014) . But low productivity in pollinator-dependent crops has been related to a reduction in the number and diversity of pollinators (Garibaldi et al., 2013; Freitas et al., 2014) , leading to inadequate pollination both in quantitative and qualitative terms (Aizen & Harder, 2007; Garibaldi et al., 2011) . Practices associated with agricultural intensification such as deforestation, large field sizes, clean cultivation and high use of pesticides have been linked to pollination deficits and decline in crop production Potts et al., 2010; Rundlöf et al., 2015) , while traits inherent to the crop itself such as the ability to attract pollinators have been overlooked.
In agriculture, most crops grown nowadays are the product of plant breeding programs carried out by man with the purpose of selecting desired traits such as higher productivity, larger fruits, higher oil content in seeds, pest and/or disease tolerance, etc., but usually with no concern about floral traits related to pollinator attraction (Klatt et al., 2013; Bomfim et al., 2015) . As a consequence, a great number of varieties, types, cultivars and hybrids of most cultivated plant species have been developed around the world but with little knowledge of their ability to attract pollinators, and the attractiveness of a crop species is commonly assumed to be similar among its agronomic varieties. Actually, pollinators seem to be capable of distinguishing among crop varieties and reject the less attractive ones as shown for sunflower (Pham-Delegue et al., 1989) , canola (Wright, Skinner, & Smith, 2002) , strawberries (Klatt et al., 2013; Ceuppens et al., 2015) blueberries (Rodriguez-Saona et al., 2011) and melon (Fernandes, 2017) , and recent studies suggest that floral volatiles have a major role in this choice (Pham-Delegue et al., 1989; Skinner, & Smith, 2002; Rodriguez-Saona et al., 2011; Klatt et al., 2013) . This behavior could be expected because the odor produced by a flower is a blend of the volatiles found in the pollen, nectar, petals, sepals and other floral structures which can vary even from male to hermaphrodite to female flowers of the same plant .
In the Cucurbitaceae family, the role of VOCs has been studied in some species, such as zucchini-Cucurbita pepo L. (Granero et al., 2004) , wild squash-Cucurbita pepo subsp. texana (Ferrari et al., 2006) and pumpkin-Cucurbita moschata Duchesne (Andrews, Theis, & Adler, 2007) . However, melon (Cucumis melo L.), the third most cultivated curcubit in the world and whose lack of adequate biotic pollination can lead to a reduction of 90% in fruit production (Klein et al., 2007; FAO, 2018) still lacks studies on its VOCs and the role they play in attracting pollinators. Despite evident differences in the fruit size and appearance between agronomic types (Pitrat, Hanelt, & Hammer, 2000; Crisóstomo & Aragão, 2013) , the melon flowers look similar and studies on melon pollination have focused in identifying potential pollinators, number of visits to set a flower or number of honeybee colonies per area (Ribeiro et al., 2015; Tschoeke et al., 2015) , while the attractiveness of flowers to pollinators remains unheeded.
A variety of bee species have been reported as efficient pollinators of melon flowers, from solitary and parasocial species such as Xylocopa grisescens and bees of the Halictidae Family (Coelho et al., 2012) to social stingless bees such as Trigona carbonaria (Kouonon et al., 2009) , Trigona spinipes (Kiill et al., 2011) and Scaptotrigona sp. (Bezerra, 2014) , but honey bee (Apis mellifera) is the managed species used globally in the pollination of this crop (Mussen & Thorp, 2003; Hoz, 2007; Reyes-Carrillo et al., 2007; Sousa et al., 2009; Kiill et al., 2014; Bomfim et al., 2016) . However, the recent study by Fernandes (2017) 
VOCs Extraction, Analyses, Identification and Relative Abundance
For the extraction of the volatile organic compounds from the flowers, three male and two hermaphrodite flowers of each of the five types of melon were randomly collected in the cultivated area. The flowers were cut in the peduncle portion using gloves, scissors and tweezers, so that there was no direct manual contact with the flowers, avoiding any contamination. Then, the flowers were placed in headspace vial bottles, identified by their gender and the corresponding type of melon. The flowers were conditioned in Styrofoam boxes filled with chemical ice for approximately eight hours before taken for analysis in the Natural Products Laboratory, at Embrapa Agroindústria Tropical headquarters.
Volatile organic compounds were extracted from the flowers by the analytical headspace method, using an automatic sampler and SPME fiber support (Supelco, Bellefonte, PA, USA). Carboxene/polydimethylsiloxane fiber (CAR/PDMS), 75 μm thick and 1 cm long, was used as the stationary phase, as suggested by Silva (2014) , recently published as Silva et al. (2018) . CAR/PDMS fiber was conditioned for the time suggested by the manufacturer (Supelco, Bellefonte, PA, USA) and at 10 °C lower than the temperature stated (CAR/PDMS: 290 °C for 60 minutes).
The 20 mL headspace flasks containing the samples were sealed with a silicone septum/PTFE (Supelco, Bellefonte, PA, USA) and left in the furnace for SPME of the apparatus at 35 °C for 15 minutes to concentrate the volatiles followed by their capture by the exposure of the SPME CAR/PDMS fiber for a period of 30 minutes at 35°C without agitation. The adsorbed compounds were identified and semi-quantified by gas chromatography coupled to mass spectrometry (GC-MS), in duplicate.
For the volatile analyzes, a 7890B GC System gas chromatograph (Agilent Technologies Spain, S.L., Madrid, Spain) was coupled to the mass spectrometer model 5977A MSD (Agilent Technologies Spain, S.L., Madrid, Spain). The male and hermaphrodite flower compounds of the five different types of melon were separated using a 60 m × 0.25 mm × 0.25 μm DB 5MS capillary column (Agilent J & WGC Columns, Santa Clara, CA, USA). The SPME CAR/PDMS fiber was maintained in the injector at 240 °C for three minutes for desorption of the compounds and then the fiber was conditioned for 10 minutes before the next collection.
The volatiles were desorbed in splitless mode and gas helium was used as the drag gas with a flow of 1 mL min -1 . The temperature program applied was isotherm for 4 minutes at 40 °C, raised to 80 °C at a rate of 2.5 °C minutes -1 , and then increased to 110 °C at a rate of 5 °C minutes -1 , and finally increased to 220 °C at a rate of 10 °C minutes -1 and held for 13 minutes, totaling 50 minutes of running time. The transfer line temperature was 280 °C and that of the detector was 150 °C. The mass spectra were obtained using a electron-ionization (EI) quadripolar analyzer system at 70 electron-volts (eV) and a mass acquisition interval of 50-600 Da.
The compounds were identified by comparing their mass spectra with those contained in the NIST library 2.0, 2012 (National Institute of Standards and Technology, Gaithersburg, Md, USA) and/or by calculating the Kovats index for a series of saturated alkanes (C7-C30) (Supelco, 49451-U, Bellefonte, PA, USA). Then, the results were compared with the IKs presented in the literature to confirm the identification of the compounds (Adams, 2007) and the results of the analyzes were presented in relative abundance.
Data obtained on the identity and relative abundance were presented in a table and submitted to correlation analyses with the number of Apis mellifera visits to flowers of the distinct melon flowers, according to the findings of Fernandes (2017) .
Results
Analyses of the flower odors of the five different melon types allowed to determine the identification and relative percentages of VOC area of male and hermaphrodite flowers totaling 37 different volatile compounds (Table 1) . 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
The volatile chemical compounds identified were grouped into six categories based on the chemical structure: alcohols (4), aldehydes (3), hydrocarbons (2), ketones (1), esters (11) and terpenes (16) ( Table 1) . However, the jas.ccsenet.org
Journal of Agricultural Science Vol. 11, No. 3; greatest number of volatile compounds found in the male flowers of the five melon types belong to the terpene group, especially in the male flowers of the types Yellow, Charentais and Piel de sapo, which presented 100% of VOCs belonging to this chemical group. The exceptions were the Galia type that besides the terpenes also emitted a compound of the aldehyde group and, above all, the Cantaloupe type that presented the greatest variety of compounds, emitting terpernes and compounds of several other chemical groups such as alcohol, aldehyde, ketone and ester (Table 1) .
There was also a predominance of VOCs of the terpene group in the hermaphrodite flowers, especially in the hermaphrodite flower of the Yellow type, which presented the highest percentage of terpenes in its composition with 90.69%. The exception was the Charentais type that presented hermaphrodite flowers with 84.71% of compounds belonging to the ester group. We can also highlight the variation in the number of volatile compounds among the floral genders. In all five melon types the hermaphrodite flowers were richer in VOCs than the male flowers, and the hermaphrodite flowers of the Cantaloupe type also presented the greatest variety of VOCs among flowers of all melon types ( Table 1 ).
The dominance of terpenes in VOCs of melon flowers was due to α-Pinene, the only volatile compound common to all types of melon and flower genders, being also the most predominant compound in the different types of melon (25.59 to 90.31%), except for the hermaphrodite flowers of the Cantaloupe, in which Benzaldehyde prevailed, and the Charentais type, where Ethyl Acetate was the most abundant compound (Table 1 ). The α-Pinene was followed by Ethyl Acetate and D-Limonene, second and third in relative abundance, though Ethyl Acetate was present only in hermaphrodite flowers of the Charentais, Galia and Piel de sapo types (Table 1) .
According to Fernandes (2017) , significant difference (p < 0.05) was found for the number of honey bees observed foraging among the male or the hermaphrodite flowers of the five types of melon. Independently of the flower gender, the greatest number of visits was recorded in the Cantaloupe type (p < 0.05), followed by the Yellow and Piel de sapo types, which did not differ between them, but differing (p < 0.05) from other types of melon, Charentais and Galia, which also showed no significant difference between them. Correlation analyses between these flower visits and the chemical groups showed significant positive correlation of aldehydes and significant negative correlation of terpenes with bee visits to male flowers (Tables 2 and 3 ) and only significant positive correlations of aldehydes and alcohols with A. mellifera visits to hermaphrodite flowers (Tables 4 and 5) . Also, out of the 37 VOCs found in melon flowers, six compounds present significant positive or negative correlations, probably being responsible for the attraction or repellency to the pollinator (Tables 6-9). Note. Values in white cells denote significant correlations at p < 0.05. Note. Values in white cells denote significant correlations at p < 0.05. Note. Values in white cells denote significant correlations at p < 0.05. Note. Values in white cells denote significant correlations at p < 0.05. Note. Values in white cells denote significant correlations at p < 0.05. Vol. 11, No. 3; plus α-Thujene and 1_Penten_3_ol correlated positively (Tables 10 and 11) . No compound showed negative correlation with bee visits to hermaphrodite flowers. Note. * and ** denote significant correlations at p < 0.05 and at p < 0.01, respectively. Note. * and ** denote significant correlations at p < 0.05 and at p < 0.01, respectively.
The profile of these VOCs showed significant differences between melon types and may explain the preference honey bees presented for visiting flowers of some melon types (Figure 2) . Cantaloupe was the only melon type with low amounts of α-Pinene in male flowers, the only significantly bee repellent for this flower gender, producing 2.5 times less than flowers of all other melon types. Cantaloupe male flowers also produced the greatest amount of D-Limonene, Benzaldehyde and O-Cymene, the three compounds in male flowers that were significantly attractant to honey bees (Figure 2a) . The other melon types showed similar profiles among their male flowers with high amounts of α-Pinene, and D-Limonene as the most abundant attractant VOC, though in small amounts, but much greater in the Piel de sapo and Charentais than Yellow and Galia. They also presented variable low amounts or absence O-Cymene and no Benzaldehyde, except for the Galia which had a tiny amount (Figures 2b-2e ).
In respect to hermaphrodite flowers, again those produced by the Cantaloupe type stood well apart from flowers of the other types. They showed the highest amounts of D-Limonene, Benzaldehyde, o-Cymene, α-Thujene and 1_Penten_3_ol, the compounds positively correlated to bee visits, in comparison to the other melon types ( Figure  2a) . Also, the only repellent compound present in these flowers was α-Pinene, but unlike male flowers, this compound was not significantly correlated to bee visits in hermaphrodite flowers. Hermaphrodite flowers of the Yellow melon type produced a VOC profile similar to that of Piel de sapo and Galia, but richer in the attractants D-Limonene and Benzaldehyde and no significant repellent compound (Figures 2b-2d ). Piel de sapo and Galia hermaphrodite flowers besides producing less D-Limonene and Benzaldehyde, also emitted 2-Butenal 2-methyl-, a bee-repellent compound but not significantly correlated to bee visits to hermaphrodite flower. The hermaphrodite flowers of Charentais presented a unique VOC profile. Unlike flowers of all the other melon types, these flowers produced little α-Pinene, some D-Limonene (bee attractant) and 2-Butenal 2-methyl-(bee repellent). However, the predominant VOC by far was Ethyl acetate (Figure 2e ). Although this compound did not show correlation to bee visitation to melon hermaphrodite flowers, Ethyl acetate is an effective insect repellent due to its asphyxiant properties and it may act as a pest and pollinator repellent in this particular melon type. Ethyl acetate was also found among the VOCs of the hermaphrodite flowers of Piel de sapo and Galia types, but in much smaller amounts (Figures 2c and 2d ).
jas.ccsenet. Vol. 11, No. 3; insecticide properties (Mercier, Prost, & Prost, 2009) , Ethyl acetate, an effective asphyxiant used in killing jars for insect collecting (Arnett, 2000) and, intriguingly, 2-Butenal 2-methyl-, a mammary pheromone used by lactating female rabbits (Schaal et al., 2003) .
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Discuss
Although all melon types studied here belong to the same species, Cucumis melo, flowers of the distinct agronomic types presented a variable VOC profile, and their participation in the melon floral aroma varied considerably among flowers of the different types of melon, from 23 substances in an intricate blend in hermaphrodite flowers of the Cantaloupe type down to only three compounds representing 100% VOC emitted by Charentais male flowers. This may have influenced bee foraging because the presence or absence of some volatile compounds may change the level of attractiveness of the flowers (Ceuppens et al., 2015) . In addition, differences in the relative proportion of VOCs emitted by flowers may affect the behavior of pollinators (Wright & Schiestl, 2009 ). Ceuppens et al. (2015) , for example, comparing the attractiveness of two varieties of strawberry to Bombus terrestris, reported that acetophenone was present in greater quantity in the variety that was less attractive to bees. In our study, however, acetophenone was found only in the Cantaloupe melon, in lower values. This concentration was probably not sufficient to affect the attractiveness of the flowers to A. mellifera, since the Cantaloupe was the melon type which received most visits. However, we found similar result to that described by Ceuppens et al. (2015) in respect to α-Pinene (repellent) in melon male flowers. Melon types with less α-Pinene were more visited. Despite the fact that male flowers do not produce fruits, their ability to attract pollinators is important for yield because they are the source of most pollen in a melon crop and also make the field more rewarding to foragers than it would be if they visit only hermaphrodite flowers, thus attracting more bees and promoting better pollination (Free, 1993; Freitas, 1995) . Also, the number of flowers produced per day by each type of melon could affect its attractiveness to bees, so that those types that produce more flowers could be more visited. However, it does not seem to be the case here, because the hybrids studied do not differ in the number of flowers they produce per day nor in the total number of flowers per cycle (Fernandes, 2017) .
It is possible that the Cantaloupe flowers were the most visited by the bees not only because they have little acetophenone but also because of less α-Pinene than the others melon types and also because it was the one which produced greater amount of D-Limonene (attractant) and the greatest variety of VOCs, strengthening suggestions from studies with other crops that the resulting blend of VOCs may be determinant to the bee´s choice (Pham-Delegue et al., 1989; Wright et al., 2002; Sachse & Galizia, 2003; Klatt et al., 2013) . Therefore, a mixture of more bee-attractant compounds and less bee-repellent VOCs seem to determine the role of floral odor in bee visits to melon flowers. However, in general α-Pinene was the most abundant compound in the melon floral odor and it may be related to reports by growers and beekeepers that the melon crop is little attractive to honeybees. Melon breeders should consider flower VOC profile in breeding new varieties to make them more attractive or less repellent to pollinators.
Identification of the most important VOCs in the attractiveness of pollinators may be applicable to solve problems of modern agriculture, such as the pollinator deficit in agricultural areas and the lack of attractiveness of some crops to pollinators (Free, 1993; Vaissière, Freitas, & Gemmill-Herren, 2011) . Studies on sensory mechanisms, recognition, distinction of odors and preferences of pollinators in conjunction with floral resources, can also provide information on plant-pollinator interaction. However, it is necessary to analyze the specific differences between the plant species, identifying the most important VOCs within the complex mixture that is the floral odor, and to perform electrophysiological and behavioral tests to obtain an individual response of each VOC (Riffell et al., 2013; Byers et al., 2014) .
Finally, the floral odor should be investigated as a floral attribute that together with other characteristics such as morphometry, color, texture, reflectance, electric field and rewards (Dafni & Kevan, 1997; Alcorn et al., 2012; Clarke et al., 2013; Varassin & Amaral-Neto, 2014 ) act on the attraction of pollinators to flowers, but whose small variations between plant species, and even varieties or types within of the same species, can produce distinct results making the flower of one more or less attractive than the other, or even losing the ability to attract pollinators. The complex plant-pollinator interaction through floral attractants is a promising field for the ecology and breeding of agricultural crops.
Our study allows to conclude that the floral VOC profile of the distinct agronomic melon types varies greatly both in the identity and proportion of the compounds and these differences can be, at least partially, responsible for the preferences shown by Apis mellifera to visit flowers of some melon types in relation to others. Melon flowers emitting more bee-attractant and less bee-repellent compounds are favoured by the bees, which in pollinator-dependent crop such as melon can have major implications to pollination and fruit yield. Finally, these findings point out the need of differentiated management of bee colonies according to the type of melon jas.ccsenet.org
Journal of Agricultural Science Vol. 11, No. 3; cultivated (more or less attractive to the bees), but also to the perspective of breeding varieties more attractive to pollinators through the selection of flower lines richer in bee-attractant and/or poorer in bee-repellent volatiles.
